Levels of trace metals (Cd, Pb, Co, Zn Cu and Ni) were determined in water and sediment from the Tyume River. Occurrence of these metals in vegetables and soil from a nearby farmland as a result of irrigation with the river water was also investigated. Higher levels of Cd (0.038 ± 0.004 to 0.044 ± 0.003 mg/l) and Pb (0.021 ± 0.004 to 0.035 ± 0.001 mg/l) were found in the river water, which may be detrimental to the "health" of the aquatic ecosystem and the rural communities that utilise the river water for domestic purposes without any treatment. Some of these metals were also detected in the soil and vegetables cultivated on the farmland which indicates a possible contribution from the river water.
Introduction
The presence of toxic metals such as Pb and Cd in the environment has been a source of worry to environmentalists, government agencies and health practitioners. This is mainly due to their health implications since they are non-essential metals of no benefit to humans (Tyler, 1981; Borgman, 1983) . The presence of these metals in the aquatic ecosystem has far-reaching implications directly to the biota and indirectly to man. The Eastern Cape Province is noted for rural agricultural practices both for subsistence and medium-scale commercial farming.
There are no potable water supplies in some of these catchment areas, hence dependence on water sources mainly from ground-and surface waters for domestic, irrigation and livestock activities. Obviously, the chemical status of the river would have its influence on the receiving land, which might possibly reflect on the produce cultivated on such land.
Trace metals have been referred to as common pollutants, which are widely distributed in the environment with sources mainly from the weathering of minerals and soils (Merian, 1991; O' Neil, 1993) . However, the level of these metals in the environment has increased tremendously in the past decades as a result of human inputs and activities (Preuss and Kollman, 1974; Prater, 1975; Merian, 1991) .
Cadmium is one of the most toxic elements with reported carcinogenic effects in humans (Goering et al., 1994) . It accumulates mainly in the kidney and liver and high concentrations have been found to lead to chronic kidney dysfunction. It induces cell injury and death by interfering with calcium (Ca) regulation in biological systems. It has been found to be toxic to fish and other aquatic organisms (Woodworth and Pascoe, 1982) . Cadmium has been implicated in endocrine disrupting activities, which could pose serious health problems. Apart from the health implication, the metal (Cd), together with other elements, e.g. Zn form a toxic "soup" that often acts synergistically. Sources of Cd include wastes from Cd-based batteries, incinerators and runoff from agricultural soils where phosphate fertilisers are used since Cd is a common impurity in phosphate fertilisers (Stoeppler, 1991) .
The United States Environmental Protection Agency has classified Pb as being potentially hazardous and toxic to most forms of life (USEPA, 1986a) . It has been found to be responsible for quite a number of ailments in humans such as chronic neurological disorders especially in foetuses and children. Automobile exhaust fumes have been reported to account for about 50% of the total inorganic Pb absorbed by human beings (Mohan and Hosetti, 1998) . Other inputs of Pb into the environment are from used dry-cell batteries, from sewage effluent, runoff of wastes and atmospheric deposition.
Although Zn has been found to have low toxicity to man, prolonged consumption of large doses can result in some health complications such as fatigue, dizziness, and neutropenia (Hess and Schmid, 2002) . Some literature sources have also revealed that Zn could be toxic to some aquatic organisms such as fish (Alabaster and Lloyd, 1980) . Certain metals such as Cu and Co are classified as essential to life due to their involvement in certain physiological processes. Elevated levels of these, however, have been found to be toxic (Spear, 1981) . Copper, Zn and Co form the essential group of metals required for some metabolic activities in organisms. Toxicological effects of large amounts of Co include vasodilation, flushing and cardiomyopathy in humans and animals (Teo and Chen, 2001) . Their interest in this study lies between essentiality and possible toxicity when present at elevated levels.
Nickel also is a naturally occurring element found in a number of mineral ores including Ni sulphides, oxides and silicates. It is present in the enzyme urease and as such is considered to be essential to plants and some domestic animals. The essentiality of Ni to man has not been demonstrated (Teo and Chen, 2001) . Its properties such as strength, corrosion resistance, high ductility, good thermal and electric conductivity and catalytic properties enhance its commercial importance and applications. However, Ni-related health effects such as renal, cardiovascular, reproductive, and immunological effects have been reported in animals. Toxicity of Ni to rainbow trout has been reported (Pane et al., 2003) . Its toxic effects in man are related to dermal, lung and nasal sinus cancers. Trace metals have been determined in potable water (Holynska et al., 1996; Gulson et al., 1997; Garcia et al., 1999) and fresh-and marine waters (Fatoki et al., 2002; Fatoki, 1993; Batterham et al., 1997; Fiaccabrino et al., 1998; Hall et al., 2002) , using varieties of methods. Although water is commonly employed as a pollution indicator by trace metals, sediment can also provide a deeper insight into the long-term pollution state of the water-body. Sediment has been described as a ready sink or reservoir of pollutants including trace metals where they concentrate according to the level of pollution (Becker et al., 2001; Onyari et al., 2003) . The need to assess the state and quality of the Tyume River and the sediment in terms of its metallic load becomes imperative since water from the river is being used for domestic, irrigation and livestock activities by people living in the catchment area, in view of the health implications that cut across the food strata.
This research work reports the levels of trace metals (Cd, Pb, Ni, Zn, Co and Cu) in Tyume River water, sediment and some physical parameters on the one hand and levels in vegetable crops (spinach and cabbage) and soil from a nearby farmland irrigated with water from the river, which also supports a wide population.
Description of study area
The Tyume River (Fig. 1) is located within the Eastern Cape Province of South Africa. It flows from the upper part of the Eastern Cape, passing through the lower coast escarpment down to Alice through several rural locations and finally linking the Buffalo River and Keiskamma River. Close proximity of the river to these locations made it ideal for utilisation for domestic activities where piped potable water is not available. The farmland is located about 50 m from the river channel and about 200 m away from the eastern side of the University of Fort Hare, which created a ready and regular source of water for irrigation of the land. The farmland is cultivated by people in the locality. Cabbage, spinach and to a lesser extent carrot are the main cultivated crops. These are sold to individuals and retailers who in turn sell them at the Alice general market.
Materials and methods

Samples and sampling sites
Sampling sites for water and sediment and for soil and vegetables are shown in Fig. 1 . Water and sediment samples were collected from the river-bank closest to where water is being pumped onto the farmland. Vegetables (cabbage and spinach) were purchased directly from farmers, requesting vegetable stalks from different areas of the farm. Sample containers were thoroughly washed with detergent, rinsed with water and then with distilled water before soaking in 5% HNO 3 for about 24 h. Containers were finally rinsed with doubledistilled water before being used for sampling.
Water and sediment samples were collected following the standard procedure described by DWAF (1992) . Water samples were kept cooled en route to the laboratory and stored at 4 o C while sediment samples were kept frozen at -18 o C until analysed. Treatment and analysis of samples usually took place within 24 h of collection. Sediment samples were allowed to defrost, then air-dried in a circulating oven at 30 o C and thereafter sieved mechanically using a 2 mm sieve. All determinations were based on the fine sediment particles obtained since metals are known to adhere to these fine particles. Vegetable samples were placed in polyethylene bags, labelled and taken to the laboratory while soil samples were randomly collected from the 0 to 50 mm layer without profiling using a soil trowel from the farmland, placed in a plastic container and also stored until analysed. Plant samples were thoroughly rinsed with water and then with double-distilled water to remove any attached soil particles, cut into smaller portions and placed in a large crucible where they were oven-dried at 60 o C overnight. The dried plants were ground into fine particles using a clean acid-washed mortar and pestle. A portion of the homogeneous soil samples were also airdried by circulating air in the oven overnight and sieved mechanically using a 2 mm sieve. All metal determinations were based on these fine soil particles.
Physical parameters
The pH of river water samples was determined directly on-site with the pH meter 330 supplied by Merck NT Laboratory Pty Ltd before preserving with 5 ml of concentrated HNO 3 . The moisture content and organic matter of soil and sediment samples (using the ferrous ammonium sulphate titration method) were determined in the laboratory by the procedure described by Radojevic and Bashkin (1999) .
Limits of detection and quality assurance
Limits of detection of the analysed metals were determined as thrice the standard deviation (3σ) of their lowest detectable concentrations by FAAS from the mean of six replicate analyses. Good linearity was obtained from the calibration curves prepared from 1 000 mg/l of each metal standard from BDH laboratory, England.
The open-beaker digestion method (OBD) as described in DWAF (1992) and extractive concentration methods according to Van Loon (1982) were evaluated for the quality assurance of water samples. The spiking method of double-distilled water at fortification levels of 0.05 mg/l Cd and Pb, 5.0 mg/l of Zn, Cu, Co and Ni was employed. For the extractive concentration method, ammonium pyrollidine dithiocarbamate (APDC) and sodium diethyldithiocarbamate (NaDDC) were evaluated for their chelating ability using methyl isobutyl ketone (MIBK) as the extracting solvent. Triplicate analyses of each metal for the two methods together with a blank were carried out.
The quality assurance for vegetable samples was also conducted through the spiking method, evaluating a sample digestion process using both hotplate (HP) and microwaveassisted digestion (MAD). A chemical analysis procedure described by (Fatoki and Mathabatha, 2001 ) was applied as follows: 0.5 g of the sieved pre-digested plant samples (cabbage and spinach) was weighed into a 100 ml beaker and spiked with metal standards at fortification levels as in water analysis. 5 ml of concentrated HNO 3 was added and the solution was then boiled gently on a hotplate for about 30 min. The beaker was cooled and 2 ml of HClO 4 , 5 ml of HNO 3 and 5 ml of HF were added and the mixture heated to near dryness.
The beaker wall was washed with 5 ml of double-distilled water, heated gently and 10 ml HNO 3 added. The solution was transferred into a 50 ml standard flask and made up to volume with double-distilled water, which was analysed using flame atomic absorption spectroscopy (FAAS). Triplicate digestion and analyses of each sample together with the blank were carried out.
For MAD the beaker was partially covered with a watch-glass, placed in the oven (R-340C Sharp domestic microwave) and then heated at 30% microwave energy level (medium) for 3, 5 and 8 min respectively for the three acidification/digestion steps (Fatoki and Mathabatha, 2001) in the fume cupboard. The digest liquor was allowed to cool, then filtered into 50 ml standard flask using 0.45 µm Millipore filter paper and analysed by FAAS. Triplicate digestion of each sample was also carried out together with the blank.
For soil and sediment samples, the quality assurance protocol was carried out following the procedure described by Shriadah, 1999. Briefly, 5 g of pre-digested soil and sediment samples were separately placed in a 250 ml beaker, spiked with metal standards at the fortification level described above and 3 ml of 30 % H 2 O 2 added. This was left to stand for 60 min until the vigorous reaction ceased. 75 ml of 0.5M solution of HCl was added and the content heated gently at low heat on the hotplate for about 2 h. The digest liquor was allowed to cool, filtered and brought to 100 ml with the acid solution. Triplicate digestion of each sample together with the blank was performed. This method has been widely applied in environmental investigations because it removes the metal fractions associated with carbonates, sulphides, soluble salts, organic matter held and Fe-Mn oxide phase (Agemian and Chau, 1976; Tessier et al., 1979) .
Analysis of samples
Open-beaker digestion (OBD) protocols were employed for the chemical analyses of water samples. Microwave-assisted digestion (MAD) was used for the vegetable samples while the procedure described by Shriadah, 1999 was applied to soil and sediment samples due to their relatively high recoveries and reproducibility. Three replicate digestions were carried out for each sample.
Results and discussion
The limits of detection of the analysed metals and the percentage recoveries of spiked double-distilled water with metal standards using the OBD and liquid-liquid extraction methods (LLE) are presented in Table 1 . The detection limits are 0.002, 0.003, 0.04, 0.05, 0.02 and 0.02 mg/l for Cd, Pb, Co, Zn, Cu and Ni respectively. Percentage recoveries from spiked double-distilled water using the OBD method for the metals ranged from 91.6 ± 0.003 to 99.0 ± 0.004.
Recoveries from spiked double-distilled water using the LLE method with NaDDC as the ligand ranged from 71.2 ± 0.002 to 110.3 ± 0.006 while that using APDC ranged from 75.3 ± 0.001 to 95.5 ± 0.005. The OBD method gave a relatively better and more consistent recovery, hence was applied to metal determination. Results of the recovery experiment for spiked pre-digested soil, sediment and vegetables are presented in Table 2 . Mean recoveries for sediment and soil ranged between 88.2 ± 0.004 and 97.3 ± 0.006 and between 86.0 ± 0.002 and 98.4 ± 0.005 respectively. Acceptable recoveries were obtained in both and the method was applied to metallic determination of environmental samples. Mean recoveries from spiked pre-digested spinach and cabbage using a hotplate as a heat source were 85.7 ± 0.005 to 96.4 ± 0.006 and 72.7 ± 0.004 to 97.6 ± 0.002 respectively while that using microwave-assisted digestion for both samples ranged from 85.0 ± 0.005 to 96.9 ± 0.003 and 90.3 ± 0.003 to 98.1 ± 0.004 respectively. Acceptable recoveries were also obtained for both methods; however, MAD was applied for routine analyses of vegetable samples due to shorter analysis time.
Results of trace metal analyses in Tyume River water and sediment are presented in Table 3 . The mean concentrations of Cd in water ranged from 0.030 ± 0.002 to 0.044 ± 0.003 mg/l while that of sediment varied between trace and 0.005 ± 0.003 mg/ kg. The range obtained from river water was higher than the tentative South African Target Water Quality Range (TQWR) guideline of 0 to 0.005 mg/l in river water for domestic use (DWAF, 1996a), higher than 0.005 mg/l as the maximum contaminant level (MCL) (USEPA, 1986b) and also higher than the South African TWQR of 0 to 0.01 mg/l for irrigation and livestock watering (DWAF, 1996c) .
This showed that water from the river is unsuitable for these activities with regards to the value obtained in this study, which could have chronic health effects on various users. However, the levels of Cd obtained in sediment samples were within the TWQR for both domestic and irrigation purposes. A similar high-concentration range of 0.01 to 0.26 mg/l Cd has been reported in the Umtata River (Fatoki et al., 2002) . The river water flow rate as at the period of sampling could be regarded as normal. The higher level of Cd obtained in water samples relative to the amount in sediment might be due to contribution from other sources such as agricultural runoff where fertilisers are used in addition to possible release of sediment bound-metal. A higher Cd concentration range of between 0.008 ± 0.003 and 0.017 ± 0.002 mg/l in Tyume River has been previously reported (Fatoki and Awofolu, 2003) .
Apart from natural sources, other probable sources of this metal in surface water include leaching from Ni-Cd based batteries (Hutton et al., 1987) , runoff from agricultural soils where phosphate fertilisers are used (Stoeppler, 1991) and other metal wastes. Levels of Pb in river water varied between 0.021 ± 0.004 and 0.035 ± 0.001 mg/l and between 0.040 ± 0.005 and 0.067 ± 0.003 mg/kg in sediment. The levels of Pb obtained in sediment were higher than those in the river water; hence the sediment could be an influential factor on the level of Pb in river water with other enhancing factors such as the current flow and pH since water acidity is known to influence the solubility and availability of metals. The TWQR for Pb in river water for domestic use is 0 to 0.01 mg/l (DWAF, 1996a). The range obtained in this study exceeds that of the TWQR, hence making the water unsuitable for domestic use. The use of the river water for drinking purposes by man and animals could lead to accumulation of the metal with resultant ill-health effects. Chronic exposure to Pb has been linked to growth retardation in children (Schwartz et al., 1986) . Pb toxicity studies conducted on female mouse revealed mostly miscarriages, premature delivery and infant mortality (Taupeau et al., 2001) . A concentration of Pb > 0.1 mg/l is detrimental to foetuses and children with possible development of neurological problems. A higher concentration range of 0.24 to 1.11 mg/l of Pb in Umtata River has been reported by Fatoki et al., 2002 . TWQR of 0 to 0.2 mg/l and 0.1 mg/l (DWAF, 1996c) has been set for Pb in river water for use in irrigation and livestock watering respectively. Levels obtained in this study were lower than these ranges, hence the water could still be used for both irrigation and livestock watering purposes as far as this parameter is concerned. The river water is not noticeably used for recreational purposes because its aesthetic state is unacceptable.
Concentration of Co in river water ranged from trace to 0.062 ± 0.002 mg/l while in sediment, it varied from trace to 0.312 ± 0.004 mg/kg. Cobalt is regarded as an essential element and forms part of Vitamin B 12 required for red-blood cell synthesis. There is a wide margin of safety between toxic concentrations and nutritional requirement levels of Co. However, adverse chronic effects of Co ingestion at concentration > 2 mg/l may occur (DWAF, 1996d) . Toxic effects of Co include loss of body weight and depressed appetite. 2.0x10 -4 mg/l is the typical concentration of Co in unpolluted surface water (DWAF, 1996d) . The range obtained in this study exceeds this amount. However, the water could be said to be quite suitable for agricultural use and livestock watering since no adverse effect is observed even at TWQR of 0 to 1 mg/l. Elemental Co is not found in nature but exists variously as sulphide ores and in association with As, Fe, Ni and Cu. Other possible sources in the river water include wastes from some metal alloys and cobalt salts in some pigments.
Levels of Zn in river water and sediment ranged between 0.097 ± 0.005 and 0.431 ± 0.002 mg/l and 0.080 ± 0.003 to 0.491 ± 0.004 mg/kg respectively (Table 3) . The TWQR for Zn in water for domestic use is 3.0 mg/l (DWAF, 1996a); hence, no detrimental effects from domestic water usage at the level obtained in this study are expected. The TWQR levels of Zn in water for safe aquatic ecosystem (DWAF, 1996b) , irrigation and livestock watering (DWAF, 1996c) are 0.002 mg/l, 0 to 1.0 mg/l and 0 to 20 mg/l respectively. The water is unfit for the sustenance of the aquatic ecosystem but could still be utilised for irrigation and livestock watering since the range obtained was much lower than the TWQR values.
Levels of Cu in river water ranged from trace to 0.387 ± 0.002 mg/l while that in sediment ranged from 0.082 ± 0.007 to 0.496 ± 0.004 mg/kg. The South African guideline for Cu in domestic water supply is 0 to 1.0 mg/l (DWAF, 1996a). The range obtained was lower than the set value, hence adverse effects from domestic use are not expected as far as this parameter and the results obtained are concerned. At neutral or alkaline pH, typical concentration of Cu in surface water is 0.003 mg/l (DWAF, 1996a) . The TWQR levels of Cu for irrigation and livestock watering are 0 to 0.2 mg/l and 0 to 5.0 mg/l respectively with adverse chronic effects expected at 1 to 10 mg/l depending on the livestock (DWAF, 1996c) . The water is unsuitable for the maintenance of the aquatic ecosystem; however, Cu is not expected to cause any problem if the water is utilised for irrigation and livestock watering.
Levels of Ni in river water ranged from 0.201 ± 0.003 to 1.777 ± 0.002 mg/l and from 0.401 ± 0.006 to 0.981 ± 0.007 mg/kg in sediment. More attention has been focused on the toxicity of Ni in low concentrations, such as the fact that Ni can cause allergic reactions and that certain Ni compounds may be carcinogenic (McKenzie and Smythe, 1998) . The typical concentrations of Ni in unpolluted surface water are given as 5.0 x10 -4 mg/l (DWAF, 1996d) and 0.015 to 0.020 mg/l (Salnikow and Denkhaus, 2002) . The range obtained in this study was much higher, indicating that the water is contaminated. All Ni compounds except for metallic Ni have been classified as carcinogenic to humans (IARC, 1990) . Possible sources of Ni in surface water include anthropogenic sources, combustion of fossil fuels (Merian, 1984) , old battery wastes, components of automobiles, old coins, and many other items containing stainless steel and other Ni alloys. Among the known health-related effects of Ni are skin allergies, lung fibrosis, variable degrees of kidney and cardiovascular system poisoning and stimulation of neoplastic transformation.
Some physical parameters determined in the river water and sediment are presented in Table 4 . The pH of the river water ranged between 6.93 and 7.15 while that of sediment varied between 5.85 and 7.21. The ranges fell within the TWQR (6 to 9) for pH in water intended for domestic use (DWAF, 1996a) . Water acidity is known to influence the solubility, availability and toxicity of metals in the aquatic ecosystems.
The organic matter content of sediment and soil ranged between 0.11 to 1.13 % and 0.72 to 1.29 % respectively (Tables 4 and 5) . Organic matter (OM) is usually the organic fraction of decomposed plant and animal residues, which plays important role in water retention, aggregation and soil structure. It is a measure of soil fertility and could also affect the mobility of metals from soil to plants. Typical amounts of OM in soil vary from < 1 % in ordinary soil to 90 % in bog peat soil and between 1% to 20% in mineral soils (Radojevic and Bashkin, 1999) . OM values obtained in both sediment and soil were within this range. The relevance of OM to this study is its influence on mobility and flux of trace metals. The normal range of OM obtained signifies that the metals in soil and sediment are bio-available since trace metals are known to form complexes with organic matter which influences their availability (Sauve et al., 1998) . Cu and Pb form very stable complexes with dissolved organic matter, and only a very small fraction of these metals exists as free hydrated metal ions, when soil pH is not strongly acid (Aualiitia and Pickering, 1986; Sauve et al., 1998) . Results of trace metal analyses in vegetables (cabbage and spinach) and in soil samples with some physical parameters of soil are presented in Table 5 . The mean concentrations of metals in cabbage ranged from 0.011 ± 0.002 to 0.022 ± 0.004 mg/kg; trace to 0.015 ± 0.01 mg/kg; trace to 0.066 ± 0.01 mg/kg; 0.159 ± 0.003 to 0.367 ± 0.02 mg/kg; trace to 0.365 ± 0.04 mg/kg and 1.058 ± 0.008 to 2.231 ± 0.02 mg/kg for Cd, Pb, Co, Zn, Cu and Ni respectively.
Mean metal levels in spinach varied between 0.027 ± 0.002 to 0.035 ± 0.003 mg/kg; 0.006 ± 0.001 to 0.018 ± 0.006 mg/kg; trace to 0.072 ± 0.002 mg/kg; 0.560 ± 0.004 to 0.758 ± 0.003 mg/kg; trace to 0.518 ± 0.006 mg/kg and 0.626 ± 0.005 to 1.865 ± 0.07 mg/kg in the same metal order as above. Levels of trace metals obtained in soil samples also ranged from trace for Cd; 0.017 ± 0.003 to 0.046 ± 0.006 mg/kg; 0.060 ± 0.002 to 0.090 ± 0.03 mg/kg; 0.300 ± 0.01 to 0.798 ± 0.02 mg/kg; 0.043 ± 0.06 to 0.439 ± 0.02 mg/kg and 0.167 ± 0.005 to 0.710 ± 0.004 mg/kg also in the same metal order as above. These values generally indicate the presence of the analysed metals in vegetable samples that might have been taken up from the soil. However, contribution to the metal levels in vegetables from the river water is highly probable since the farmland is irrigated with river water. The levels of the metals in vegetables were within the normal range (Table 6 ) for metals in plant leaves and much lower than the toxic level, hence consumption of the vegetables should not be of concern. The range of Cd and Pb obtained in the vegetable samples were lower than the range in river water while the ranges of Co, Zn, Cu and Ni in vegetables were relatively higher than those in river water.
The metal levels in soil were higher than those in the river water and vegetables with the exception of Ni. Plants are known to take up and accumulate trace metals from contaminated soils (Singh and Narwal, 1984; Bojakowska and Kochany, 1985; Pulford and Watson, 2003; Madejon et al., 2003) , hence detection in vegetable samples was not surprising. Although levels of 0.022 mg/kg and 0.015 mg/ kg of Cd and Pb in cabbage and 0.035 mg/kg and 0.018 mg/kg in spinach respectively are within the normal range in plant leaves (Table 6) , continual consumption could lead to accumulation with adverse health implications since Cd has been linked to renal diseases and cancer (Kjellstroem, 1986) . 
Conclusions
The study revealed that open-beaker digestion is still a reliable method for quantitative determination of trace metals in environmental samples. The microwave-assisted digestion method also gave acceptable recoveries and is thus applicable for trace metal determination in vegetable samples. Elevated levels of Cd and Pb were detected in the river, which could be directly detrimental to the health of the aquatic ecosystem and indirectly to man since the river water is used to irrigate a nearby farmland. Metals from river water could be a contributing source to the levels in vegetables, hence continual assessment is highly essential.
